Long-lasting synaptic potentials and the modulation of synaptic transmission.
Long-lasting postsynaptic potentials (PSPs) generated by decreases in membrane conductance (permeability) have been reported in many types of neurons. We investigated the possible role of such long-lasting decreases in membrane conductance in the modulation of synaptic transmission in the sympathetic ganglion of the bullfrog. The molecular basis by which such conductance-decrease PSPs are generated was also investigated. Synaptic activation of muscarinic cholinergic receptors on these sympathetic neurons results in the generation of a slow EPSP (excitatory postsynaptic potential), which is accompanied by a decrease in membrane conductance. We found that the conventional "fast" EPSPs were increased in amplitude and duration during the iontophoretic application of methacholine, which activates the muscarinic postsynaptic receptors. A similar result was obtained when a noncholinergic conductance-decrease PSP--the late-slow EPSP--was elicited by stimulation of a separate synaptic pathway. The enhancement of fast EPSP amplitude increased the probability of postsynaptic action potential generation, thus increasing the efficacy of impulse transmission across the synapse. Stimulation of one synaptic pathway is therefore capable of increasing the efficacy of synaptic transmission in a second synaptic pathway by a postsynaptic mechanism. Furthermore, this enhancement of synaptic efficacy is long-lasting by virtue of the long duration of the slow PSP. Biochemical and electrophysiological techniques were used to investigate whether cyclic nucleotides are intracellular second messengers mediating the membrane permeability changes underlying slow-PSP generation. Stimulation of the synaptic inputs, which lead to the generation of the slow-PSPs, increased the ganglionic content of both cyclic AMP and cyclic GMP. However, electrophysiological analysis of the actions of these cyclic nucleotides and the actions of agents that affect their metabolism does not provide support for such a second messenger role for either cyclic nucleotide.